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D, being the smaller deflection and L the length of the cable. The read-
ings D, and D, must be averaged from readings got with the current flow
reversed. Murray’s loop is so well known that it scarcely requires any
reference, beyond a caution that the contacts of the slide wire with the
loop terminals must introduce no resistance, and that one must not be

T< - deluded into balancing to false

| zero.  Any deflection on the

: ga!va.nometer, noticed when

| ?§' It 1s joined up but the testing

| f x Voltage not impressed, is

b A a1 merely due to some battery

k l| : Fi action at the fault. Another
s a 9 excellent null method is
z g & ‘i sketched in fig. gr. If, be-
g °l s sides the broken-down cable,
g .-_* L,E there are available two sound
[ telephone or test cores, the

, II i : latter should be joined up to
I [0 I the distant end in such a way

; i : as not to introduce any resist-

| | " : ance at the joint §. One of these is
f | | a voltmeter lead only, the other is a
P I i resistance (R,), determined by mea-
g l, 3 ®  suring the resistance of the looped
g l’§ £ = pair and dividing the result by two.
< 2 g To the near end of the cable (B) a
$ 8 5 uniform slide-wire is jointed in such
§ e 5 @ way as to introduce no resistance,
£ I b A and brought in contact with R, in
—QJEJMEW such a way that no resistance is in-
troduced. By sliding along the wire

a position is found at which no de-

flection is got on the voltmeter V
when a wire tapped through a bank
of lamps on to the trolley wire or a
live cable is applied to a. Then plainly
the distance away of the fault is

R,
UK R

CALVANOMETER,

DYNAMO

STATION

| U]

In the case of a cable with its
from earth it i b core-broken in twg, l_)ut well insulated
s S Possible to apply a capacity test, but it is not often that
sheathed ©s Is lgOt" Genef'ally the cable is well eart-hed. For a cable
R tes;/u'camzed .bltumen, without lead covering or armour, an
equilateral t.: 151 sometimes successful, A frame in the shape of an
Wi, and rangle, with sides 1 yard long wound with 250 turns of No. 30

» and fitted with 4 very sensitive telephone receiver is suitable. The
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fault should be well broken down to earth, so as to admit oft]?.ec:;gf;:
being sent through it amply large enough to exlt}re]y :1\'\,2;2& R
capacity-current, and the current should be sent thh” ab ,l,sm i
rhythmical pulsations; such a signal as “ - - - —" being

A 0 ad-
out above the squealing sounds emitted by lan]ed Cat))\ll(;sén ;:ﬁ:::e]s(;ful,
covered cables, especially laid solid, the test i1s a fallur.e. i R
the signals cease abruptly or become very much fainter Sy T
is passed. Care must be taken to have the overhead \:prn_box i M
is going to tap the current through the' fau]t‘from a Se; 1_0] g t’elephone
surging of the current in the trolley wires will be hea.r .lﬁown it
and prove utterly confusing. A better arrangement lS]b N N
If a current of a few amperes be sent through .the faq; O“Onor ‘;)e falg
millivoltmeter with steel (not copper) contacts 1s'app11e 3: iﬁ ;bruptly’
deflections will be obtained which on the faults being passed w

MILLIVOLTMETER MILLIVOLTMETER

—S— g

BROKEN -DOWN | R

STATION
DYNAMO

LAMP
RESISTANCE

LIVETROLLEYWIRE

Fig. 92

. . d
change their direction and diminish greatly. This test can only be applie

i i nt flowing in the rails. .

i 'nOthmg buat f:};iltzes:lllrlgec?;;isformers,g coupled up Wit!l th.elr

o Preakl_ng.dowfln aralle’l and their high tension in series, will give
lov‘{-tensmn wmdmgsf long of them, which is usually amplt.a. In the low;
thrl?e thf': v0_1tage (;er resistance whose plates can be readily swung aparCi
Fensxon oA 0 ‘as it enables the arc at the breakdown .to be chamgl:aj
}S ; gl:fat alld‘c,)z‘;rt]t:;,l)%:;’losive character to a quiet discharge which soon welds
rom its alm

: ith earth.
S a(l)i‘atleaCto?}:ei(;n;:C;::ger in such work, and all concerned should be
course

i case of electric shock.
iliari i ocedure necessary in a :
famllx?.nzed V.Vlth _the (I))Srt the Pulmotor is so remarkably spcfcesst:txl ;1
NOtWIthStandmhgtltsn; sl,lould be available in every electricity-supply
resuscitation that o

concern.

CHAPTER VI
OVERHEAD CONSTRUCTION

G 1 Considerations.—The overhead system may be divided into
eneral Cons tofs: : .
the following .CIaSSljsctiﬁggz;;-(ﬁg, 93), adaptable to practically all possible

1. Span-wire co

conditions of working.
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2. Bracket suspension, subdivided into (l)-centre-pole and double-
bracket (fig. 94), and (2) side-bracket construction (fig. 95). The form};?r
is only applicable to double track and wide stree.t5. The latter may le
arranged with brackets on one side of the street, suitable for comparatively
narrow streets, or on both sides, applicable to fairly wide streets.

Another general classification may be made of lines constructed for
the centre-running trolley and for the side-running trolley. In the former
case the trolley head is rigid (fig. 96), and the trolley wire follows as neafly
as possible the centre of the track, the deviations from the centre line
allowable not being more than a couple of feet. :

For the side-running trolley, the trolley head is pivoted so that it
can turn completely round (figs. 95 and 97), and in this case the trolley
wire need be only approximately parallel to the track and as far from
the centre as the length of the trolley arm will permit. ¥

Choice of System.—In laying out an overhead system the first point
to be determined is the desirability of using
mechanically-moved or fixed frogs, this point
determining which type of trolley can be used,

If the fixed frog is decided upon, it necessi-
tates the use of a centre-running trolley with a

rigid head. If
the mechanically-
moved frog is con-
sidered most de-
sirable, the centre-
bearing trolley can g
to employ the side-bearing trolley with its
n the relative positions of track and trolley
mber of pull-off wires and insulators to be

Fig. 96.—Harp for Rigid Trolley Heaqd Fig. 97

be used, but it s preferable
greater allowable variations j
wire. This enables the nu
reduced to a minimum.

The mechanical frog is much more reliable than the fixed frog, and,
if properly designed and Set, presents no greater probability of the trolley
€aving the wire than straight track. It, however, necessitates a separate
attendant to set it for the desired direction, otherwise the con-ductor or
driver must leave his Post in order to set it. The former entails annual
expenditure the amount of which depends upon the nurpber of branc.h
lines to be operated, ang the latter delays the car while the frog is
being set.

If the street is of sufficient width to allow the use of t.he. centre-pole
form of construction this delay will be negligible, but if it 1s necessar()i’
to place the poles on the footpath the delay would be .c0n51dera.ble, and
in a street having heavy vehicular traffic it might be serious. This woul
also mean expense to the tramway and inconvenience to passengers. As
junctions usually occur in more or less busy places, working the frogs would
seriously interfere with a conductor’s duties, and it is always extremely ba:c}
Practice to have a driver leave his post. Therefore a mechanical frog wil
in most instances necessitate an attendant, and as tramways usually work
from sixteen to eighteen hours a day, it would require the services of two

‘ i Rigia
X ¥ » Construction, I S
I‘ig. 94. L,t‘l]ll\_‘-[)ulL Con

(33)

Arm

Fig. 95.—Side

bracket Construction, Rigid Arm

To face IV, 130
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|rncn at each junction. As against this, the working of the mechanical
rog is so rf:hable that the conductor can tie up the trolley cord and
give his entire attention to the collection of fares. Owing to the short
distances that many passengers are now carried this is an important
advantage.

The fixed frog at simple junctions can be made to work with very nearly
the certainty of the movable frog, but not to the degree of tying up the
trolley cord before-mentioned, and it is always necessary for the con-
ductor to watch the trolley with some care at junctions.

'I:he next point to be determined is whether the centre-bearing or side-
bearing trolley is to be used.

If the system of tramways consists of fairly straight routes, and the
centre-pole or span-wire construction can be used throughout, or side-
bracket construction on single track with streets not over 30 feet between
the kerbs, and if @sthetic considerations are not of the first moment, the
centre-bearing trolley with the rigid head will be quite satisfactory; but in
cases where span-wires are objected to, the side-running trolley, having a
greater degree of flexibility, will be found the more serviceable. It has the
very marked advantage of being able to work with the trolley wire 12 feet
or even 15 feet from the centre of the track, and to get around curves with
very few pull-off wires, but it must be remembered that it is not good
policy to continually strain these valuable features to their limit. It may
be taken as a principle that the closer the trolley wire is to the centre
of the track the better it will work, and it is sound practice that the
trolley wire should not be farther than 6 feet from the centre of the
track unless there are special local reasons for exceeding this distance.
This distance can be worked very nicely with a 12- of 13-foot trolley
arm, which is a standard length; a greater length of arm very materially
increases the stress on the trolley standard and car roof at points where it
is difficult to increase the strength.

It is also not advisable to reduce the pull
absolute minimum, as, although the swivel-hea
sharp angle, the sudden change of direction tends to make the wheel
leave the wire if anything about the trolley wheel or stand is not in
perfect condition. There is also some danger, with very sharp angles,
of putting more strain on a single insulator than it can be constructed
to bear. This will lead to failure of the insulator, which, on account of
the heavy strain, would be very troublesome to replace. s

Construction at Different Points.—The type of construction to be
used at different points of the system will next require‘con51derat10n.

Of the several types_—-span-wire, centre-pole, _and snde—brzf.cket—the
span-wire is undoubtedly the best from a mthanlce}l standpoint anq as
regards smoothness of working. This system 18 a'pplxcable to every w1c}th
of street and to practically all conditions of service. The sole objection
that can be raised against it is on zesthetic grounds. ~In some cases PR
wires are erected without the use of poles, by attaghl{lg e S i
fixtures (figs. 98 and 99) bolted o the fronts of .bulldu.gs along ‘the route.
This is a very satisfactory method of construction, as it embodies all the

_offs at the curves to their
d trolley will take a very
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good features of the span-wire s i
ystem and is the least ¢ i
of overhead construction that has been devised. R

R

Fig. 98.— i
1g. 98.—Section and Elevation of Rosette, large

The centre-pole and double-br
to ornamentation, partic

than any other method

L ac.ket f'orm of construction lends itself
v{']-m conjunction with electric lighting, better
. ith its short brackets, bringing the trolley

Fig. 99.—Section and Elevation of Rosette, small

wire close
to the centre of the track, it is, when flexible suspension is

used, mechanicall
. y second onl i
Constitute a danger to traffic @y e e e polés, howeyen

OVERHEAD CONSTRUCTION 133

The side-bracket construction is in most instances the least desirable
from a mechanical standpoint, but has been very largely used. The
brackets vary in length from 3 to 25 feet. Brackets of such great length
as the latter should be avoided when possible, as they are difficult to
construct of sufficient strength, are expensive, and have nothing in their
appearance to recommend them. With brackets placed at the usual height,
22 feet from the kerb, a length of 8 to 10 feet is the proportion most pleas-
ing to the eye, and anything beyond about 16 feet begins to look top-
heavy. A 16-foot bracket will give 14 feet of effective length from the
kerb to the trolley wire, and by adding to this the 6-foot reach of the
trolley arm, previously referred to, the total reach is 20 feet, which would
enable a single track to be worked from the centre of a 4o-foot street.
This is about as wide as will often be met with in English practice.

Poles.—Numerous types of poles have been tried, but the tubular steel
pole has now become standard practice (fig. 100).

There are three types of tubular steel poles; the
first and most largely used consists of three lengths
of pipe of various diameters, telescoped into each
other, the sections of pipe being either solid-drawn
or lap-welded.

Table A shows some of the usual sizes of poles
and the thickness and weight of metal.

Taper Poles.—A second type of pole is met
with, having a taper either for the whole or part of
its length. These are usually drawn parallel for 15

Fig. 100.—Section and

or 17 feet of their length; and from thel:lce tapel:ing Elevation of Pole Joint
to the end. They are sometimes made in one piece

and sometimes in two, the lower or parallel section being shrunk over the
upper or taper section. Although these pples have beeq used on a number
of tramways, there appears to be no special advantage in them other than
their appearance, which is in some cases px:eferred to that of ‘the three-
jointed pole. The taper pole does not lend itself to ornamentation as well
as the parallel-sided pole. ' ' : : i
Solid-drawn Poles.—The third variety of Pole is .solld-drawn in one
piece and of three different diameters, the sides being p.ar'allel. The
appearance of these poles is practically the same as the jointed poles.
Poles drawn by this method should have advantages over bqth of the other
types, but in practice they are not found absolutely reliable in strength. |
Poles are usually designated by the number of pounds stressd they
will bear with a given deflection, usually 6 mc.hes, it being assumed that
the pole is held securely for the ﬁr§t 6 feet of its l.ength, and thg stre;s is
either applied at the top, o what is more convenient, at the point :lv 1Eare
a stress will come in practice, usually about zz.feet from. :he ground- 1r;e
The temporary deflection of 6 inches ha's come into general use, ;ts: ta pole
may be curved to this extent after erection and yet appear straight to any

b .
ut a trained eye. be perfectly straight and to show no

Poles are generally specified to d .
pPermanent defgiection yat the designated strength. An additional test is
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sometimes specified, that the poles shall not show more th
manent deflection after being subjected to a stress abo
greater than the designated strength. The diameters of the
should not vary more than 1s inch from the standard dim

an } inch per-
ut 50 per cent
various sections
ensions, and the

TABLE A
THREE-SECTION LAP-WELDED STEEL PoLES

Tensile strength about 24 tons per square inch,
Top Section, Middle Section, |

! S Bottom Section, | Total, Strain!in/1bs
7 feet 6 inches, 9 feet 6 inches, 17 feet. 31 feet. ~(l(l;n£)’:ox(x;ucc.
) i ; : ! ! 6 inches |
Inside | Thick- Inside | Thick- l Inside | Thick- Weight ’I’c'nrpo- | %inch
Dlametcr, _ness, Dlameter, _ness, Diameter, ness, | of rary Perma-
inches. | inches. | inches, inches. | inches. | inches, | Pole. Defiec- | nent Set.
tion,
=SV e A EEXG Tl
4 24 5 .29 6 42 350 700
5 .26 6 .31 7 .40 500 1000
g .30 6 .38 7 47 700 | 1200
.30 7 .40 8 .60 1000 | 1700
7 ‘ .30 8 .40 9f .65 2000 [ 2600
T T o ] (RS O
Tensile strength 28 tons.
9 feet. 8 feet, 17 feet.
Outside. Outside. Outside,
ég .259 6 .30 73 .40 830 900
Ww .50 1210 | 1200

THREE-SECTION SOLID-DrAWN STEEL POLES

Tensile Strength 35 tons per square inch.
_— X

7 feet 6 inches, 9 feet 6 inches, 17 feet.
|G e LR
Outside, i 3
4 | .30 375 (2O BS ORI 000
g_n .30 .3125 800 7904|1200
7 .g?zs -3125 890 | 1000 1700
{ .375 1140 2000 2600

PoLrs 1n ONE LENGTH STEPPED

Tensile strength 35 tons per square inch.

6 feet,

LR 19 feet.
Outside. Outside, Outside, |
4 -3125 .3125 78 | .3125 680 700 | 1200
5 -3125 7 .3125 8% | .3125 796 1000 1700
-3125 8% | 3125 101 ‘ 3125 [ 922 | 2000 | 2600

Lap-welded taper poles in one piece; the bottom half their length parallel,

the top half tapering.

\.
Outside Outside
7 Inches tapering to 5 inches ; thickness, § inch 780 700
8 2 ”» 6 ” ”» —717 » 1023 1000
D » 7 » % ” 1300 1200
A ” N s B 740 | 700
A 8N » D) » 8 » 1050 1000
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tubes should be as nearly cylindrical as possible. The- dégt:?rin(izscﬁfat“&?}elr;
the maximum and minimum d'iaxpete'rs should not :i\rzn po,l,e e
necessity for these limits of variation is .that the 1cas SRR ey
shall fit easily. Where poles are.made in more t;anbutt f?oremost, iy
is also requisite. The usual test is to drop the pole, o el
height of 6 feet on to some solid substance, such as a

Care should be taken
to protect the poles from
rust inside and beneath the
oground-line. One method
of accomplishing this is to
dip them about 7 feet ipto
a suitable rust-preventing
compound. Another 19 to
dip the entire pole in a
bath of oxide paint, thus
coating it inside and out.
It might even be advisable
to adopt both methods. It
is a distinct advantage to
coat the first 2 or 3 f(?et
above the ground-level \.wth
sound cement about I inch
thick.

Pole Trimmings apd
Brackets. — The design
and dimensions of these
will be largely governed
by individual taste and the
money available for pur-
poses of orname'ntatxon.
They usually consist of a
finial slipped into the top
of the pole, two pole rings
or collars slipped over the
joints or shoulders, In a
parallel-sided pole, and a
Lase of such height .and
design as may be desired.

b m i ers
jibmarcasss(Fmall loth, outlying portions of the system, and in oth
i d in the
plain bases are use

. . h
ed throughout. In selecting designs for these the
the high bases are us

g hould be chosen. Jahe iece of

smaller and slmplef_r g} geiesn]eral varieties—one cOlSIZ?ZgreZii?edpllzngth-
Brackets are o ° to 3 inches, an

) : “ ally 24 to 3 - th, but

tl‘Jb.ing. of sultabieddli;n est;:;l:SZXté’nt by the S(f:r:ln(;woélke E‘;:e:g?;

'“?‘S AR IBUPROLLEL n-rod running to the top © kl o\frn as the bow-string

Ch{;t}’ijy by adte:s“:e (fig. 102) is what is usually kn
e second type (ng.

Fig. ror.—Various Forms of Bracket Design
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bracket. is i i
cons?c?érab}‘ehl;r;sonot’ mfe(;-hamcally, a good design, but has met with a very
e el li]tnl' of favour, particularly for centre-pole work, as the
AT ghat lines is SUPPOSed. to give a pleasing effect to t’he ole
€ up entirely of wrought iron of suitable sections. which n[:ust'
) )

however,be much heavier
than in the first type of
bracket. In both cases
heavy cast-iron collars
made in two pieces are
held together by two or
four bolts (fig. 103). The
inside of these collars
should fit the circum-
ference of the pole as
closely as possible, and
to them are attached the
bracket arms proper or
the scroll-work. Similar
collars, but smaller,
scr;)ll-work to the bracket arm in the case o:fj'lrae
depends, are made of Clcl) lars, upon which the strength of the bracket
suit the taste of the dm'a eable cast iron. The scroll-work is made to
Some cases by welds esigner; the various portions are held together in
Ing and in others by having small iron collars cast

Fig. 102.—Double Bow-string Bracket

a!so used to secure the
Pipe bracket. All these

Fig. 103.—Spli
8- 103.—8plit Collars for securing Brackets to Pole with Bolts

about them. :

may be made I:‘viet:;:pf}?sefls to be avoided, the design should be such as

aVbided) 55 ithey e d?fﬁewest number of welds. Circles should also be

cost. The bes}t’ offe tl cult to make, and thus add considerably to the

elaborate, for it mu t? li are obtained from brackets which are not toc

Pleasina’()n ¢h ds % borne in mind that the design which is most
3 € drawing - board is often disappointing when erected.

IS —— — -
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Owing to its height from the ground, much of the detail is lost, and the
bolder, more simple designs are most effective. Another mistake that is
frequently made in bracket design is the use of
metal of too light a section, § or } inch by 1} inches
being employed. The effect of this thin section is
to obscure the detail, as when it is against the sky
it is almost invisible. Also, unless looked at from
exactly the right point, the curves of the two edges
do not coincide, and this causes them to appear
untrue. It is much better to make the scroll-work
of metal having a section nearly square, even if no
more metal is used; in fact, the circular section
might be used in some cases to advantage.

Where span wires are used, it has now become
customary to place on the top of the pole a smail
scroll-work bracket, which has the effect of sub-
duing the extremely severe lines of the pole (fig.
104). These span-wire brackets usually extend
18 inches from the pole on each side, and the span
wire is attached to one end of the bracket arm.
There is no advantage in using this except its
improved appearance.

As before stated, the flexible type of bracket
suspension is essential to smooth running. This
in effect is the conversion of the overhead system
into span-\\'irc work as far as the support of the
actual wires and insulators is concerned.  With
the bow-string type of bracket it is accomplished
by attaching a small length of steel cable to each

__Flexible Bracket Suspension, with and without
Guard-wire Support

Fig. 105.

Fig. 104.—Side Pole and Span-
wire Bracket

fig. 102), which is always

in fact, the bow-string (
able screw-bolt

end of the bow, forming, : ; :
at either end with a suit

provided at one, and sometimes i
for putting the requisite tenston on the cable.
‘ rai rack i s usu
In the case of the straight bracket arm 1t 1

VoL. IV.

al to clamp to the
61
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%l}?e forming the bracket two.lugs of suitable depth and design (fig. 103)

o (:iz a;fa(f)]:afed at ];1 c;mvement distance apart, according to theb]en(rth
€t, usually from 2 feet 6 inches to 2 fi i ¢

I ‘ : 0 3 feet 6 inches, and the
1S prov / S / i i

g provided with a screw for putting the tension

on th 3
e cable. The top of the clamp holding these lugs is sometimes

» In order to carry the guard wires

Steel' Cable..—The use of a stranded stee]
trol!ey wire and insulators has now become univ
having been abandoned. i

A s.teel cable is usually of seven str
mum size which should be used s 7/14
to Increase this size at points where th’e

able for supporting the
rsal, the solid steel wire

ands and galvanized. The mini-
anc! it will, of course, be necessary
T€ 1s an extra heavy stress. The
Id not be less than 2500 lbs. In

allowed, usually s to 6, liberal factor of safety should be

The galvanizing should b
1 e of the b
be capable of being wrapt around ites oest
out_t!)e galvanizing showing e

quality, and the wire should
L .dlameter and unwrapt with-
SIgns of cracking. In addition to the gal-

Britannia joint: but He i ind lthen. eithgr nozzle off the wire or make a
and the tendency of Wateg O the vibration of the entire overhead system,
upon for more than abunt rﬁto collect at this joint, it cannot be depended
cable is attached to e insuvle years, Therefore at every point where steel
galvanized or brass g ator or hanger it should be passed around a
Britannia joint is not i &Ped tblmble and spliced or nozzled off. The
In a bracket oyl i €, as it has a tendency to soften the wire.
the flexible Sue T inl tlls good practice to make all the spans for
rate them thoroughly ith ;)e shop, of standard lengths, and then satu-
spans extending across {l - & B. or other waterproof compound. In
is not PraCticabble Lot & S}freﬁ-‘t,_ or .for pull-offs or anchors, this method
then be Saturated’ with tlfr the joint is made around the thimble it should
carrying out of the A S S'é}me compound, and at such time during the
length.  These il g as is convenient be painted throughout its entire
and with oo orlillie, rlfl are partlculzju'ly necessary iz? span-wire work
is of ‘shfficien: o tan anchors, as if one of these wires fail it usually
street, which Gy cause? acir;riill‘lound ‘;he ttro]ley wire and fall into the
T , L2 s accident.
COppel;olz\?i{e,\A;}:ﬁ;,:Ehlz-l-IS now practically always made of hard-drawn
Wses o, Somta Sma”geth lgon-bronze and phosphor - bronze have been
(otlls etranatt 1o thentl Although these latFer have a much higher
A0 e aT)out . ¢ hard-drawn copper wire, their conductivity is
ol handle’ per cent, and they are also much more troublesome
» SO that their use has not become very general.

The followin ¢
are the sizes : g 4 H .
most common usge;_ izes and particulars of the trolley wires in
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TABLE B

. . Weichts in Pounds Resistances per 1000 feet in
Standard Diameters  Sectional eIghisIn L OUES s International Ohms.

Gauge. 1 ']n . | S “\"Im‘l'"‘_ — —— — —

RERes: - 99- INCAES | 1000 feet. | Mile. AL60’F. | At75°F.
| S— N
D ] | e
0 000 0.400 0.1257 | 484 2557 0.06363 | ©0.06567
ooo 0.372 | 0.1087 419 2212 Q0637 200008
00 0.348 0.0951 ' 367 1935 o‘ob’.;o‘7 0.08676
o x o324 | 0.0824 ‘ 318 1678 | 0.9698 0.10009
|

The larger size necessitates a considerable increase in the strength of

the pole, span wires, and insulators. . 3
The trolley wire should have an electric conductivity not less than that

specified for hard-drawn copper in the British Engineering Standards, and
should be perfectly cylindrical in section, and ‘free from scratches, ﬂaw_s,
and other defects. It can be obtained in any reasonaple length. It is
usually put up in mile or half-mile reels. The former is preferable, ;1}1d

o have the reels run somewhat over a mile,

it is also an advantage t

2 or 3 per cent Thebrequirements of the Board of Trade demand that
the tn:)olle wire shall be divided into half-mile sections, and it is not
4 exact; they frequently run a bit short or

always possible to get these ;
) 4 y e a certain amount of allowance made for

a bit over, and there must b . , . :
dip in the spans, and it is easier to run out two sections together than

h section.
ount a fresh reel for cact . .
B };Etwies t1;)otmgood practice to allow joints in the work, either by means

of a splicing sleeve or a splicing ear, although both are oft.en used. It

is difﬁiu]t tbo set these joints made in the street to run without spark-

i;m and Comebquently in time the trolley wire is liable to be weakened
5 'y

= oints. g : 5
N t’lll‘lebeephave been a number of different sections of trolley wire tn'ecl,
i and “trefoiled”, the idea of these being

”»
25 “ficure 87, “notched”, |
sl : and still have a smooth running surface

use of mechanical ears ' . . :
}(O)ratllllct)a“;rtcl]l(liey wheel. There is, however, difficulty in preventing these wires

Py oints of support.
fron'}‘:(‘)‘;;Ztin\gvilr):t;‘iles::lctl:hﬁepdelivered [illgj)on drums having as large a d‘ia-
iiatar. a0 i)ossible, not less than 3 feet. It should be reeled perfectly true
and even, and free from kinks and sharp bepd_s. il e

Ears.‘——These are of two gen‘eral var{etles, tlle. ;ne'c e
the sweated-on ear. The mecha'mcal ear is one w 11cf1 1ts ma o hav)é
or partially enclose the trolley wire, and‘ holds 1tdby tnlct:gl. g dsh
been a very large number of these deslgn(ilc‘ll ax? -}Z:a\f?enr rinuch s
the principal types are shown (fig. 100). ]'fiy-akl)l reﬁuce AR .
put up than the soldered-on ear, and considera yfthem B
labour in building a trolley ]il'le, but as y?t nox}e o e 0cet T
designed that they will run \\"1thout sparking. i n ?;de hea\t g
strength to grip the trolley wire they are usually m: y gua,
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and the consequence is that in time the trolley wire is likely to break off

at the ear from continual flexure. They

repairs, and they may also be
: \ used to advantace j i j i
1ey 1 in comp 5
to hold the wire in place temporarily 5 B Jncions
can be determined.
The sweated-on ear is made in sever

until the exact position of the ears

al designs and lengths, but the

Fig. 106.—Various Types of Mechanical Ears
difference is chiefly in detajl
and 36 inches. In some cas
section of the trolley wire

Another i :
that nearly erx)lititr:g iT]ePYtOV;ded at each end with wings about # inch long
for heavy work is-one th nt) ley wire (fig. 107). A still better form of ear
throughont its enthe 1 (;: 1enc1rcles about 240 degrees of the trolley wire

18th. - These are known as deep-groove ears, and
are frequently ribbed.

All ears should be drawn
down fine at the ends, as it ren-
ders them more flexible, and
allows them to take up a slight
curve in either the vertical or the
groove Ears horizontal plane, thus avoiding

; the sharp angle produced by the
: It in fact forms a parabolic curve, which the
ith a maximum of ease.
e winoss zflim(liel{vered thoroughly tinned on the inside. 13-
lines with No. o tro]leb » ar .w1th a sh.allow groove, may be used on straight
used-at the curves angl’ .‘t""fe, but 18-inch ears with small wings should be

Bl o larcre1: ,Sim lf 15- l’lnuch l?etter to use ears with wings exclusively.
and may be Wi?h " i 9 t’O_ ley wire the deep-groove ear is more suitable,

vantage increased to 18 inches in length on the straight

The most usual lengths are 15, 18, 24,
es the ears encircle about 180 degrees of the

Fig. 107. —Winged and Deep-

mechanical or -rigid ﬁar
trolley wheel takes w
Ears should alway

are useful, however, for emergency
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and 24 inches on the curves; 36-inch ears are needed in comparatively
rare instances, although on some tramways they have been used on all
curves.
This tendency to increase the length of the ears beyond 24 inches 1is
wholly unnecessary, as the gain in smoothness and certainty of running
is not commensurate
with the extra cost
entailed by the very
heavy insulators and
span wires required.
This to a certain
extent means the
strengthening of all
the overhead work
to correspond.
Feeder Ears.—
A certain number of
ears designed to allow
the trolley wire to be
fed at desired points
will be  required.
Some types of these
are shown (fig. 108). ]
A feeder ear should Fig. 108.—Types of Feeder Ears
be so designed as to

have ample contact arcd :
should be perfectly secure and easily detachable.

Splicing Ears.—Splicing ears are usually mad(‘: as 5‘110\\'11 (fig. 109.),
although there are numerous other designs having slight dx(’ferenf:es. It is
of great importance that the fine end of the.ear should be carried out Fo
a good length, and the ear should have f:onsxderablc dc.:pth and be as thin
askthe required strength will allow. It is somewhat difficult to get these

splicing ~ ears to run
smoothly, as, owing to
their great weight, they
form a more or less rlglfl
spot in the line, which 1s
apt to make the trolley
wheel spark. It is better
practice to avoid the use
of them as far as possible,
waste of trolley wire by the €X
of the sections and in the s€
Splicing sleeves are sometimes ucs)r’
Te emer%e:;}i’\'\i‘he\-use of hangers is to afford support for
Hangers SN0 e attaching the insulator to the span

: 1 ¥ of
the insulation, and to affoxd_a means i
wire or brackets. The reqmreme“tb ot

between the ear and feed-wire, which contact

Fig. 109.—Two Types of Splicing Ears

ently done without excessive
ercise of a little care in arranging the lengths
lection of reels of wire of proper length.
ed (fig. 110), but they are not recom-

as this can be frequ

1ger are that—
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t\l};lprz;ut)us t)])(:s (léSfrxb?c]_; but if the cap is made of vulcanite or kept
painted 1t 1s a very satisfactory form of insulation, and is to a larce
extent free from the defect ?)f
the West-End type.

Typesofrigid bracket hangers
are shown (figs. 111 and 114).
Secondary insulation is obtained
by_the use of a sleeve of insu-
lating material slipped over the
bracket arm. This rigid type
may be used for slow sp‘ceds, but
1s not to be recommended.

It is now usual practice to
run two trolley wires over the
entire system—on single track
as well as double. Where this
is done on single track the two
hangers are sometimes cast in
one piece, as is shown (fig. 113),
but this brings the trolley wires
rather closer together than is
usually advisable, and if the dis-
g vy Bickebarm st tance were i.ncreased the weight

of the fitting would be too
heavy for general use.
116) which consists of a heavy
1d the ear bolted to the centre

Cap

Straight-line Insulator

Double Pull-off

kAno.ther type of hanger is shown (fig
yoke with a globe insulator at each end t,zu
)

Fig. 115.— Doy
ig. 115.—Double West-End Hanger Fig. 116.—Single Giant Pull

: e e Giant Pull-over
of the yoke,

This ty
bl (S has S . §
HE- A EE S P ome advantages for certain classes of work.

neat i
- appearance as the West-End type, but has much

Fig. 117.—Double West-End Pull-off for Points of Extra Stress

greater st -

6 stresg;:ngrt:,tznd cant b{e used with advantage under conditions where
3 O grea or o Jlect.F N i

g the West-End bolt, and if a suitable type

’
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of globe strain insulator is used and care taken to keep the insulators
well painted it will give most satisfactory results.
Another method of dealing with points of exceptional stress is shown

(fig. 117). In this two West-
End bolts and hangers are
used in such a way that the
pull is distributed between
the two.

“Strain” and Globe Insu-
lators.— Theseareused chiefly
for secondary insulation, at
the terminals of a line and for
pulling frogs and crossings
into position. The “strain”
insulators are always provided
with some arrangement for
putting tension on the wire

to which they are attached.
usual are the Brooklyn, either

stances, and the King insul

The Brooklyn is a
very efficient form of
tension device, and is
usually made entirely
of bronze, and is to be
recommended forspan
wires or anchorages
on first-class work.
The King turnbuckle
is an efficient insula-
tor witha considerable
range of adjustment,
and is very useful in sp
apt to rust, and cant

Globe Insulators.—
culiarly-shaped ring and
respective ends.
embedded in a globe of 1F
They are made in several si
for several different types ©

Another type of
shown (fig. 120). In tl
noticed that the insulating
faces. In this type the poO

made of the usual plastic mo
arral

ot cut mica, and the whole

lating material, usually in ellipt

an-wire work, :
Lot be adjusted after it
The globe insulator

ith a pe-
i 5 two € e-bolts wit :
Ll Comipg e S 4 hook on their

These ar€ in
f insulated .
zes, and designed

f attachment.

globe insu
his case 1t V.
material 18
rtion O

d 3, Brooklyn ““Strain” Insulators. 2, King
Insulated Turnbuckle

Fig. 118.—71 an

They are of several types. The most
single or double according to circum-

ated turnbuckle (fig. 118).

Fig. 119.—Globe ¢« Gtrain " Tusulator, showing Internal Links

but being made entirely of iron it is
has been in place for some time.
is made as shown (fig. 119).

terlocked and
material.

" Insulator

Fig. 120.—Section of Giant ““Strain

lator is also

t will be . :
in compression between flat sur-

n compression is sometimes

d in others of sheets
s moulded into insu-

f insulation i
ulded composition, an
Joement is afterward
o

jcal form.
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Another type, which also has its insulating material between flat sur-
faces, is shown (fig. 121). The result is arrived at in a slightly different
way, and, being made up entirely of drop forgings, should have greater
mechanical strength for a given weight, but does not appear to be quite so
good electrically as the cut mica. This
second type is much preferable to the first,
and is much more durable. Excellent results
can be got from simple porcelain globes with
circumferential grooves at right angles to
one another to hold the strain-wires.

Bridge hangers and car barn hangers are
shown (fig. 111), and their uses and advan-
tages dealt with later on.

Section Insulators.—Under the Board
of Trade regulations, and also for convenience
phb et sl iR worki.ng, it. is customary to div%de the

. Details trolley wire up into sections of approximately
4 mile in length, and in order to accomplish

this a section insulator must be used, which will preserve the mechanical
continuity of the line and running surface for the trolley, and at the same

time insulate the respective sections from cach other. A number of designs
for accomplishing this are shown,

There are two methods used for

preventing the current from following
the trolley wheel from
one section to another,
and thus forming an arc
— the long-break (fig.
122) and the divided-arc
system (fig. 123). The
former is in the most general use, and is accomplished by the insertion
in the section insulator of an insulating strip 8 or 10 inches long, upon
which the trolley wheel runs, The strip is usually made of hard wood
or fibre, and, as it wears in time with the passage of the trolley wheel and
with sparking, it is designed to be readily renewable. In the divided-arc

Fig. 122.—Section Insulator, Gate Type Long Break

Fig. 123.—Section Insulator, Divided-arc Type

principle a number of small metallic sections are bolted together, insulated
from each other at the top end, and separated at the bottom by an air-
gap, usually from-} to ] inch in extent: the arc which tends to follow the
troliey wire is divided up into these small gaps, and goes out without
trouble. These are more expensive, and do not seem to present any par-
ticular advantages over the other types. There is no great difficulty in
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H: ~0as iy se section
training the motormen to shut the current off .(m.d 1ut)l‘::(t, L:tlrditl;l iih(\a.crV o
insulators, in which case the 1'611(:\\':1}. of the ll]lblt .«lt\' ?C A t;) i
quent, and in any event is inexpensive. :\H.IUt et {séin(,- u”bdu- ks
the necessity of shutting off the current w ]el:)--p(‘jient?
(fig. 124). This type will be foqnd ‘uscfu'l 0f1.?1a.l]'lt i.s. hstie Sel
The most usual form of section msuldtox.h wh g \
as the gate type (figs. 123, 124, zlfld 125), lm‘ ':ﬁ”"ﬁ;'"'ﬂmﬁ
which the centre member is in 'tensnon and Lu. PEie!
top member in compression. Thls latter mem cn{ p :Z}@;;
is sometimes made adjustable in length by mean‘.s‘ M /
of set-screws at the ends. The bottom member >y

T comPER
\CONTACT PLATE

— ing Section Insulator
Fig. 124 Continuous-feeding Section Insu
o5 I dOCS not
1ble \\'earinﬂ-picce above l'efened to, 2111'(111t T
I i ‘alo der-
r: hi type of insulator 1s one of the straig €
1S

e
igher s than those of th
.«h may be worked at higher speed

running varieties, which ma}

ﬁSll-]bell ' t 7 l l l tt can ll()“ evelr be ma erso il]
) j pe e atter J < de leSS Cumb rsome
. i o f M 1 b t -, ~
~ . t 1 i], Stl {—li ht Pull. beCthll lllSLll.:l ors ~Sl‘l()ul(l
1S ¢ s

ress on | : strai ull, as they
o A tlhe Sctlletbl:a(z the stress on them 1s a .stmlght putl,
always be so place

of the gate is the renew
take any of the stress.

wsulator

Fig xzs.—cher's Section It
-overs they

i - are used as pull

lateral stiffness, and if they are

have little or no later
are sure to give tl‘Ol.lble. P
Hewer's section msul:'xtotake;
designed that the stress 1ls e
et honzofliltal P?:-]d by making the ¢
S -] stiffness, and, ! _ | |
e latel'al -ve without difficulty. Is at each end, so that
used on a decided curve W o

i vith termin A . .

L on S e furnlbhed \ These terminals are also useful
Sgetion msie feeding-in points. S

5 5 1€€E =3
they can be used as

25) is of the fish-belly type, (?nd asr(;
l)I)jSt\\'o bolts placed some mchle:. aé)on
This type has 4

i - wire. This type ha
e ars long and fine, might be
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if it is desired to put on a jumper to connect the trolley wires to each
other. Two general types of terminals are used—one a
or more set-screws, and the other helding the wire in
which is held in place by a number of bolts,

Scréws are apt to work out from the vibration
make a loose contact that will arc and heat, or e

r;g
WARD noaa):?.

a socket with one
a clamp, the cap of
In the first type the set-
of the trolley wire, and
Ise release the feed-wire.

Fig. 126.—Section Insulator wit), Short-circuiting Switch and Union”’

" Terminals

The clamp is much m
ore secure, but may be i i
: € troublesome to disconnect in
a hurry, as is often necessar .

y when workine
A ‘modification of ] o
i .S
€ gate type of section insulator to overcome these

faults i o L . 4
withss r:i;ibs;gttotthf ttrml'na]s 1s shown (fig. 126).  This is provided also
feedinfr) inbwires ac’;hor the xhnsertlon of a jumper without disconnecting the
a7 5. € €ars have also pe :
e § en leno c _
running insulator. engthened to make a quieter

Owing to " 4
e th‘f] extra weight of the section insulator, particular care
should be taken to have its sus-

pens.ion flexible, and the ears
holding the trolley wire long

; and i
Fig. 127.-—Section of . thln’ to COmpensate fOI'
Bell Insulator this.

Bell Insulator.~A useful

tor is shown (fig. 127). They can be fitted with any
minal at either top or bottom, and are sometimes useful
to keep two adjacent wires from coming in contact by

Fig. 128.—Terminal Clamp

type of bell insula
desired form of ter
when it is desired
swinging together.

Terminal Clamp

i It is advis line to secure
the wire in some for able at the end ot a trolley lii

m of a clamp ‘as shown (fig. 128). If the stress is not

Fig. 129.—Anchor or * Strain” Ear

great a simple eye can be bent up in the end of the trolley wire; but the
copper eye, being of soft metal, is liable to wear through in time.

_ Anchor Hangers.—In most cases it is preferable to attach the anchorage
wires to the hanger instead of to the ear (fig. 129), for an anchorage
attached to the ear is very apt to foul the trolley wheel, and also has a
tendency to kink the trolley wire. If a very heavy stress on the anchorage
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is unavoidable it is best to use a type which distributes the stress between
two bolts as shown (fig. 130). . ‘

In some cases it may be useful to provide the trolley wire \\'1th_ a
protecting sleeve 3 or 4 feet long. This is slipped over the t}'ol]e)' \\'u-e'
close to the section insulator or frog, or other point where especially heavy
wear is expected. . :

Rosettes.—Where it is possible to obtain permission to attach rosettes
to the faces of the buildings along routes it is of considerable advantage to'
do so, and even if this cannot be done to a large degree there are many
cases where they can be used for pull-offs or special purposes, an.d thu?
save a pole, even if it is not desirable to erect any length of 11T1e ?21
this suspension. Types are shown (figs. 98 _zmd.99). These slhfo:h
be provided with from two to four bolts for letting into the wall. de.
walls are sound, the smaller type with the holes close together can be used;

s e
Fig. 130.—Double Anchor or * Strain” Ear
S f

-all is wealk, it is preferable to use
: ece is very heavy, or the wall is weak, it is pre
bt i 5t1essl o \el;e)lc:' ph)t:e so as to distribute the stress over a larger
s N o 1 . FO.E K- pPld ) A %
iy A WIth] 3 aal,ﬁ The rosette should be designed to allow.a certain
portion of the wal. it tl 1 wire to take up its proper
f adjustment, to permit the spai
amount © ad(J 11 roset,tes should be provided with a rubber buffer to act
. . a < g ojotl WY
g - to absorb the vibrations from the span or pull-off wires.
as a sound damper Nero 7 ; livided into two general classes:
s Crossings.—Frogs may be divided in g e
Fr?igsicrned for working with a fixed trolley head only, and those
es A LA i
t‘hos? 1y dtésiorned for use with a smu'al trolley head.f bl o
P s lley head will work with any type of frog, pr ; !
The 1'1g1.d trolle) rect position, but it is generally used with w at is
frog s sét i (N0 (LG hich is shown (fig. 131). These frogs are rigid
& . \ ¥ i . o 7
known as the.ﬁzed ﬁgg’e\nt s upon their position wlnc}h \vuel thetf]ré)llc?r
i epe . when c
gastings; and 1lt It)he principle being to place them so tlat] e E e
plocl e O‘[v‘ track it will drag the trolley wheel alonglr t]'eﬁéd Ty
& i@ g 25 s e il 7 ar S1 )
talxgs et rmc.l it to follow the proper Wire. Tlle) are clas sl ebcial
casting and Cal]beé hree-way. The last-named is on.ly u:s"ed in \e'l‘) -l:p\vith
T bt and ‘;snnot to be recommended, as 1td will nottla‘i\l?xz(: froo
i n ! orked as a tr .
'Llrculr.lstanCCS,‘Oichilw certainty excep.t when \\.011'6 gintty) frozs anii
:mythmg a[f)pl illb\\'orl' with pl'actlcal certalnt).' a»t lectt'l\' qebt
" 00S W [\ Py ) . . < corr 3 s A
The other 'lc(l);mble deoree of certainty facing, if kep
a very considere s

irely
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132—Fixed Crofsmg for Rigid Trolley 3
Head Fig. 133 —Adjustable Crossing

Y

il

et

AL

A

L

Fig. 136—Two Types of Mechanically-Moved Frogs

A O

Frozs and Crossings

“of guiding the trolley w
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Crossings are of two general types as shown—the fixed (fig. 132) and
the adjustable (fig. 133) crossings. The adjustable is preferable, except
perhaps for right-angle crossings and extremely sharp angles. The prin-
ciple upon which these work is easily seen from the illustrations.

Crossings should preferably be placed so that neither of the wires
changes its direction when passing through, but with a fixed head they
will work with a fair degree of satisfaction with a considerable angle in
one or both of the wires.

All frogs for the fixed trolley head are now designed on the straight
under-running principle. Two different types of fixed frog are shown,
having different methods of attachment to the trolley wire (fig. 131).
In one case the trolley wire fits into a groove in a long extension of
the frog on the principle of an ear. The trolley wire is then held under
a clamp, and the wings of the ears hammered over upon the wire.

In another type, which is more generally used, the frog is without ears,
and the wire held in place by clamps. In this case the clamp is rounded
off so as not to cause the trolley wire to break by being continually bent
over a sharp angle.

With the introduction of the swivel-head trolley the above types of
frogs and crossings were found to be unreliable, and various designs were
made to secure certainty of action. The earliest type used was what may
be described as the double-level frog (fig. 134). This frog deflects the
trolley wheel by guiding it along an inclined runner until it has depressed
the trolley wheel sufficiently for the flanges to clear the straight-through
wire. When running trailing from a branch the reverse action takes place.
When running trailing from the straight the trolley wheel pushes aside
the guide runner of the branch and passes through, after which the guide
runner is returned by means of a spring. If in running facing it is desired
to proceed on the straight track, it is necessary to pull a cord which opens
the switch and allows the trolley wheel to run through. This type will
work automatically one way facing and both ways trailing, but it is open
to the objection of all fish-belly frogs—that of not working well at high

speed.
Another type for
general arrangement 15 S

fhe swivel trolley is shown (fig. 135). This in
omething like the ordinary fixed frog, but instead
heel entirely by the groove, it does it part-way
by the groove and in the cet}tre by the flanges, a ridge being p]m\fid?ﬁ
in one place and two grooves 11l another. The fixed frog pf tl‘ns class wi
work automatically trailing, and can be‘ arranged to run either way facmg,
but not both ways. Where it 15 desired to work both \\.'ay? facmg,la
movable frog is used whereby the grooves and tongue al‘e' het;c f(?r tle.
correct way_‘ This has to be d‘onc whether the frog 1s w(')x!\e'd dacf;ngaon
trailing (fig. 136). In this desngn’the use of bOth’gI‘OO\t‘b ra(n; A anbes
as guides seems unnecessary, as, if the frog has to b‘c moula or eac
car, it is simpler to guide the tl‘Ol]E?y \vl}ee] by. the gnoO\lr)e ?tom; d
There are a number of modifications 11 detail of the a'ol\_e. : (‘)fnle ;)d
the movable frogs automatically set themselvs.as for. onev tn.{)c\l un esbv ‘Lelt
in position for the other wire. Some accomplish this by a balance weight,
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and some by a spring, and some remain fixed in the position last used.
A selection from various types can be used according to the service
required of them.

Dawe’s electromagnetic frog resembles fig. 136, but is fitted with a
solenoid which is a shunt across the main circuit and which actuates the
tongue. The shunt circuit is closed by a switch placed at a convenient

Fig. 137.—Rigid Crossing for Swivel Trolley Head

point, and worked by hand or by the movement of the permanent-way
switch tongue, or by a cam struck by a projection on the passing car.
Crossings.—With the swivel-head trolley the crossings must bbc set
-perfectl.y straight, that is, the trolley wires must not chzmqé their direction
In passing th.rough the crossings. This can usually be \accomplished by
the proper adjustment of the pull-overs. No adjustable crossings have yet
been designed for the swivel-head trolley, and
it is necessary to guide the wheel over the fixed
WURTS NOK-ARCING crossings by both flange and groove as above
usm:&'ﬂﬁgm; ' described (fig. 137). These can be obtained in
WESTINGHOUSE a number of convenient angles, but it is the best
EL:‘CTTT!:Lcu&m'rbco." : practice to wait until the work is well advanced
Kl and have them made to the exact angle required.

PAT.NOV.25/93.4AK.8,94
STVLE Ho rssf N A semi-adjustable crossing has been used

T ———— . .
with some success. It resembles fig. 133 in

general design, but has the grooves for the flanges
cut for one way, and after it is in position the
grooves for the other direction are cut with a
Fig. 138.—Wurtz Lightning Arrester S[)CCial tool.

Lightning Arresters.— It is necessary to
prOFect t_he generators, motors, and the insulation of the line from effects
of lightning. The two former are always protected by the use of lightning
arrfasters in the generating station and on the cars; and to protect the insu-
lation of the line, lightning arresters are often placed on a certain number
of th‘_f poles. A lightning arrester for this purpose should be so designed
that it is perfectly autdmatic, and should require no attention or resetting
after it has acted. These arresters are all based on practically the same

-

———
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Fig. 13g.—Garton Lightning Arrester

principle, that is, that the lightning discharge will jump across an air-gap,
or a gap of high resistance, which is suf-
ficient to afford a high degree of insula-
tion as against the ordinary dynamic cur-
rent. \When the insulation of the gap has
been broken down by the static discharge,
and an arc established, the dynamic cur-
rent will follow and maintain the arc, so
means must be provided for promptly ex-
tinguishing this arc. In this lattctr par-
ticular lies the chief difference in the
various makes of lightning arresters on
the market.

The four types which have been most
largely used for tramway work al(ilthe
Waurtz (fig. 138), Garton (fig. 139), Shaw
(fig. 140), and Ajax (fig. I41) )

The Wurtz lightning arrester is prob-
ably the best on the market. It oper.ates
as follows: There is a gap of about & mc.h
between the electrodes, and this gap is
filled with wood slightly carbonized on
the surface. The arc-extinguishing de-
vice is based on the principle that to
maintain an arc it is necessary that it
should be fed with a metallic vapour, and
the electrodes are made of special alloys
which do not give off appreciable quan-

VoL IV.

Fig. 140.—Shaw Lightning Arrester
g 14 3 g

62
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tities of vapour. This arrangement is entirely automatic and needs
absolutely no attention.

The Shaw lightning arrester is a pile of carbon discs separated by discs
of insulating material, which extinguish the arc by dividing it into a
number of short arcs which are not destructive.

The Garton lightning arrester (fig. 139) consists of an air-gap between
carbon points H and J, a non-inductive resistance R in series with the gap,
a magnetic coil ¥ connected as a shunt across the resistance R. The arc
is extinguished by the coil F, ener-

ized by the shunt current across ==
gR raisiri’g the armature E, which A g
breaks the contact between E and i e A,_,,,J
H. The coil F, also acting as a
magnetic blowout, immediately ex-
tinguishes the arc formed at this point. The
arc having been extinguished, the armature E
falls back into place, and the lightning arrester
is thus reset.

The Ajax lightning arrester is designed on
the magazine principle. The air-gap is between Lfn:x;,@— :
small brass wires enclosed in a small glass tube.
Owing to its being sealed up, this air-gap can
be made very small indeed, The contact to
these ‘brass wires is made by two small carbon
balls,  When the dynamic current follows the
static discharge to earth, it melts the small brass
wires as it would a fuse, This enables the small
carbon balls to drop by gravity, and make con-
tact with the next pair of wires, thus setting the
arrester for another discharge. This arrester is
automatic in action until exhausted, and it is
refilled at a slight expense, but has the disad- _—
vantage that it must be inspected periodically, kT
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there being no means of telling how many times =

GARoune
it has been in action, Consequently a slight  Fig. 14r.—Ajax Lightning Arrester
carelessness on the part of the linesman may
leave the line without protection. To render the action of lightning
arresters more certain it is the usual practice, where possible, to place an
impedance coil between the object to be protected and the lightning-
arrester tap. This impedance coil usually consists of ten or twelve turns
of heavy wire about a wooden core.

The number and location of lightning arresters required on a tramway
must be governed by the frequency and violence of thunder-storms in the
region. For English practice it is generally considered sufficient to place
one in each section of trolley wire, usually about the centre. In fact, many
engineers now omit them altogether. In most cases it is not possible
to arrange an impedance coil, but this is not absolutely essential unless
there are some local conditions that are not normal.

oS

s

Iig. 143.—Collapsible Tower Wagon

Fig. 142.—Fixed Tower Wagon
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In tropical or mountainous regions each feeding-in wire should be
!)rovided with an impedance coil and lightning arrestér, and if the feeding-
in points are a considerable distance apart another lightning arrester shoqu
be placed between them. ) ‘

. The greatest care should be taken in providing suitable earth for light-
ning arresters. Where steel poles are used, the earth-wire of the arrester
can be connected to the pole by means of a rail bond, either solid or plastic,
and the base of the pole connected to the tram rail by another rail bond.
If the pole is of wood, the wire may be carried down the pole and out to
the rail and bonded to the same. If the permanent way is laid in very dry
soil, or on wooden cross sleepers, it will probably be more desirable to use
an earth-plate for earthing the arrester. This earth-plate should be of
liberal dimensions; an old car wheel makes a very good one. The wire
from the lightning arrester should then be bonded to the earth-plate, and
the plate buried to a sufficient depth to obtain moist earth. A considerable
quantity of charcoal or gas coke should be placed about the earth-plate to
retain moisture.

Tools.—The following tools and appliances 3
sufficient for most classes of work:—

vill probably be found

1 reel wagon.

1 fixed tower wagon (fiz. 142).

1 collapsible tower wagon (fig. 143)-

12 to 24 Sets of digging tools, each consisting of :—
1 digging bar, 8 feet 6 inches long, octagonal steel.
1 digging bar, 5 feet long.
1 auger, 5 feet long, 15 inches over blade (fig. 144).
1 auger, 7 feet 6 inches long, 15 inches over blade.

1 spoon (fig. 145)-
1 (grafting tool) spade with extra long handle.

12 picks.

1 2 shovels, No. 4.,

4 rammers.

4 soldering-irons (fig. 146).
2 soldering-pots:

1 brazier or fire-devil.

2 U-shaped clamps for soldering, .
Pliers, 7 inches and 8 inches; gas, 8 inches.

1 pipe-tongs:
1 pipe-cutter:
Trolley-wire cutters.
» hammers, 2-1b., and ston
2 sledges, 127

Chisels-

l ‘(llc?a'w—vices. Heavy P.O. pattern.

Tool for putting up frogs (ﬁg.l.1471), PR g
1 tool for putting up straight-line hange g. 148).
Spanneh, Clyburn-

» hack-saws and blades:

3 feet 6 inches between jaws.

e hammers.
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1 plumb-line.

12 “come-along” clamps (fig. 149).

1 special level for pole setting.

1 right- and left-hand strainer and coupling-screws (fig. 150).
6 1bs. of solder per mile of single wire,
Steel-tape measure.

2 ladders, rungs g inches apart, 24 feet long.
Acid jug and charcoal.

Vice-machine.

Vice-pipe.

2 screw-drivers.

2 sets §-inch blocks.

400 feet of $-inch rope.

2 sets 4-inch blocks.

300 feet of }-inch rope.

4 wire draw-tongs (fig. 151).

A reel wagon usually consists of an ordinary heavy four-wheeled wagon,
with a flat platform, and capable of carrying about two tons. Upon the
platform is built a timber framework to kcarry a reel of trolley wire.
Attached to the framework js rigged a brake, usually applied to the rim
of the reel in order to put a certain amount of tension on the trolley wire,
and to prevent the reel from running out too fast. A roller guide is also
provided for the trolley wire to rup out over. It is preferable to have the
wagon as low as possible. If the line js a small one, it is possible to
dispense with the reel Wwagon, and arrange the fixed tower wagon to
carry a reel of wire, but it is much more convenient to have a separate
wagon, and one can usually be hired for this purpose. Any ordinary
heavy lorry will do, and the framework is easily attached to the lorry
platform.

.A very serviceable type of fixed tower wagon is shown (fig. 142).
This, as will be seen, consists of a very heavy body with a framework
erected on top of it. This framework carries a platform at a convenient
height, depending somewhat on the height of the trolley wire, usually from
17 to 18 feet from the ground. The platform is provided with a railing
at the top and also at one side with a hinged extension, as it is sometimes
Necessary to work over the track or over the footpath without interfering
with the trafic. The lower part of the framework is boxed in so as to
form a lock-up store-room for too]s and supplies. The framework is also
provided with a jib-crane, a winch, and tackle which is used for pole-
setting.  Another arrangement of crane can be used by pivoting the
jib-crane at the bottom of the framework, and holding it in position with
tension-rods. In this way the length of overhang may be made adjustable,
which is sometimes convenient when the poles are not set exactly on the
kerb.

A differential chain block and falls can be used in place of a winch.
It is somewhat cheaper in first cost but much slower in action. The
wagon should be provided with a powerful screw-brake. Sometimes the
tower wagon must be made variable in height, for if there are railway
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Fig. 149.—** Come-Along " Clamp

Fig. 144.—Auger for Digging
=" post Holes

3. —Special Tool for putting up Straight-Line Hangers
Fig. 148.—

ing-S ing in Section Insulators
— i ling-Screws for putting 1n Sec
1 i eft-Hand Strainer and Coupling P
Fig. 150 nght- and Left
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brl.dges crossing the lines, it may be difficult to get a tower of standard

!1engh§ underne'ath them, as these bridges are frequently ”“dcr. 6 ek

in height. ’_I‘hls shquld be borne in mind in designing a tower wagon
for any particular piece of work. et = ag

w't}‘? \'er{\'“goo.d type of collapsible tower wagon is shown (fig. 143)

Tlh' a telescopic tower anq a rotary and extensible platform at ?hc t(;))’

is type of tower wagon is more useful for emerge ( N

iitﬁlt‘ th‘e'lme i built tl?an in the original constrzction [t is made as

g .2:5 :,S consistent with strength, and therefore ]nq'not tﬁe storage

capa v . pr ag

]ig[l)ltzlt‘ )ll)uiol; t:rc::;,cilf:trc:lf;:tt:; ftype p-r(]EWOUS]'V described. ~Being of mule

] : or rapid transportation, it is i

P sl , it is not sufficiently

stable for very h_eavy work.  Motor tower wagons for e 7w 1)

are ’Ig}:eatly superior to horse-vehicles. T ' emergency worx

e quantity of diggin : . )

of men it is intended t’t?) egm:)(;gls re(glu“’fd g2 opend
vV an .

excavated. The augers ¢ ; the character of

ncy and repair work

upon the number
the ground to be
an sed i : B

be used in certain classes of soil with good

Fig. 152, — 1M
8. 152.—Special Tool for screwing up Insulating Bolts

effect, but are not of much use if
rammers are used for b
placed in the holes, an
them made semicircula
be as shown (fig.

should be a good a

doadd gravel apd stones are prevalent. The
da'm'g the cement into position after it has been
) olrt Cls often convenient to have one or more of
Bi6) i ad :Zscilllt-Shaped. The soldering-irons should
Sl fuf?] y weigh about 12 lbs. apiece. There
by the solder when used f (:j es, and as they are very rapidly spoiled
files should be providéd fOl‘ ressing down the ears, a number of float-
G s or thls. purpose. The draw-vices should be of
A special tool fo:oe pattern with key and ratchet.

at all essential, and unill;t‘tl:hg oo Is shown. (figy 147) DG T8 fot
not pay. A special too] fS ere are a large number to be put in, would
(fied 148)" \This is chien or putting up straight-line hangers is also shown
latge/Auriber of T y useful for spgn-wire work, and if there are a
Bk dbrie ith, 4 COUplé ,O?an' be used with advanta‘ge, but the work can
For Bkt hoaers = wire draw-tongs ar?d a light block and tackle.
off the tension att’ the e c]] el ot spens it b usually easier to slack
and, the span wire ti h? , when the.hanger can be slipped in by hand
be about one chain ig 1enEd Bl aealn: The ste(?l-tape measure should
of linen tape in additi peelitang. it I also advisable to have 100 feet
T bt shouid bIAOrl‘- The machme-v.lce should have about j5-inch
B o Wmc SO arral.]ged .that. it can be readily attached to
there is any bracke(tb'or-]' A PIpe-vice 1s extremely serviceable where
tojitakte the i _."“m construction, and should be of sufficient size

pipe used for thjs purpose. It should also be fastened to

OVERHEAD CONSTRUCTION 159

the tower wagon. This last, together with the pipe-tongs and pipe-cutters,
may be omitted if span wires are exclusively used. A special tool is
also shown for screwing up the West-End type of insulating bolt, which
can be used to advantage in most cases (fig. 152).

Setting Out Work.—It is first necessary to determine whether a swivel-
head or rigid trolley wheel is to be used. This point having been decided,
the next step is to set out the points of support, and then, if the engineer
is free to make his own decision, to determine whether span-wire, centre-
pole, or side-bracket suspension is preferable, and at what points.

. There are certain fixed points, such as junctions, sharp curves,
minals, &c., which serve as a basis to work on. These having been settled
and located on as large a scale plan as is available, the spaces between
them should be divided up into approximately equal divisions.  The
maximum distance between supports allowed by the Board of Trade
regulations is 40 yards. This is about as far as it is wise to go 1n
practice, supposing these regulations do not apply, but spans up to 45 yards

ter-

may be occasionally used without detriment to the safety of the line.
Upon the basis of 40-yard trolley spans it would be necessary ftO
tes ffty

have forty-four supports to the mile, but in preliminary estima
may be taken as a safe figure, and one easy to memorize and work with.
It will be found on the average to be more nearly correct than forty-
four, on account of extra poles required at junctions. It will also be
found in practice that, in endeavouring to space out the poles at regular
40-yard intervals, a certain number of them will fall in the centre of
cross streets or in front of doorways, where it is impos.sitzle to place
them. As the length of trolley span cannot be increased: it is necessar‘)‘f
to remove the pole to the nearest location that is satisfactory. thlczi)
then becomes a fixed point, and the poles between this and the last fixe

point should be respaced and made as even as possible. { i
In laying out work it is best to calculate on 38-yard intervals msteav

of 40, as it is very often of the greatest convenience to be abl«cal tc()Ir _movg
a pole a few feet one way or the other to avoid pipes oOr ””d er?xouxll)e
obstructions without respacing the whole section. It shoul da Seo A
remembered that it may be more advantageous to sllghtcl)’ (;'fen‘g i
spacing of the poles on curves of large radius or on steet1l) é’r:tress i G
to use heavier poles, as the former method dlS.tl‘lbutf?S th]e S
curve over a greater number of insulators, which are 3

weak points in the construction.
The next step is to determin
various conditions. Theoretically,
a considerable degree of accuracy
be subjected; but it is not at all usua.t:ﬁ i
on a sufficiently large scale, and of su cxlelz1 ot
practice a few general rules, when. coup(;l it
suffice. In doubthul cases ithe [EREISEY shou'd P

strength.
Some engineers pr
mating, as accurately

w

poles to be used under
ble to calculate with
ach pole would

e the size of the po
it would be possi

the stress to which €
] to have a survey of the tramways

accuracy, to do this, and in
a little judgment, will
a pole of ample

variety of sizes of poles, esti-

r to use a great :
= permit, the stresses at

as their experience will
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various points. Others will adopt but two, or at the outside three sizes,
and use them exclusively. In this latter case only the heavier types of
pole are employed. The choice between these methods will l)cdlzu'qel\'
governed by the market prices of poles, but the general tendency now
seems to be towards the second. i

The location of the supports having been determined, the width of
the roadway at these points should be ascertained, and also the distance
from the kerb to the centre of the track or tracks, as these dimensions
will determine the most suitable form of support to be used.

The Board of Trade require a minimum clearance of 15 inches from
the side of the car to the pole, and as the pole cannot be located within
an inch or two, it is necessary to allow at least a foot for thickness of
the pole. This makes it necessary to have, for centre-pole construction
a distance between the centre of the tracks equal to 3 feet 6 inches 1)lu>f
the extreme width of one car.

It should be borne in mind that whatever type of trolley head is
used, the. closer and more nearly parallel to the centre of the track the
tro]le:\' wire can be kept, the more smooth and satisfactory will be the
working of the line. With a rigid trolley head the departure from the
centre cannot exceed about 2 feet, and preferably should be kept within
1 foot; z.md. as side brackets of over 16 feet are not to be recom-
mended, it limits the width of street upon which side-bracket construction
can be used to about 30 feet for single track and 24 feet for double.
If' two rows of side brackets are used, one on each kerb, it can be worked
with double track on a 40-feet street. Beyond this width span wires are
absolutely' necessary. But this form of construction, with two rows of side
bracke.ts, 1s not to be recommended with the centre-running trolley.

With the.swivel-headed trolley the line can be made to work with
the trolley wire as much as 15 feet from the centre of the track. This
extreme reach is not at all desirable, and it should be kept if possible
within 6 fee.t, at which distance most excellent and satisfactory results
can be obtal.ned. This, with the use of a bracket not exceeding 16 feet
in length, will work with single track in a 4o-feet street. In the case
of double track with a 17-feet bracket and 6-feet reach, a single row of
Vbz'ack‘ets may be used in streets up to 35 feet in width, which width is
sufficient to allow the use of the centre-pole form of construction. If
centre.poles cannot be used, two rows of poles and brackets will work up
to a width .of 50 feet, beyond which it would be much more satisfactory to
use span wires.

: On straight and level track the side stress on the pole is readily deter-
mined either for span or bracket construction. In centre brackets it is
practically nothing. In span wires it can be determined by the application
of the parallelogram of forces, assuming the weight to be half the weight
of each of the adjacent trolley spans. In side-bracket construction it may
be determined by dividing the height of the bracket above the ground
by the distance from the pole to the trolley wire in feet, and dividing the
weight of the trolley wire in half of each of the adjacent spans by the
result. To this must be added the stress set up by the bracket itself,
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which will be the height of the bracket arm above the ground divided by
the distance from the pole to the centre of gravity of the brailcket, expre.f,se'd
in feet, and the weight of the bracket to be dividefi by this resul?; this is
usually negligible. These stresses must be determined as they will repre-
sent the minimum, and to them must be added the stresses caused by the

curvature of the line or the changes of gradient. : 2l

The following sizes of poles will usually be found satisfactory. It is
assumed that in all cases two 00 trolley wires will be used, as this practice
is now almost universal for both single and double track. :

On straight and level track, for centre and short 51de-bracket1bcor;;
struction, 350-lb. poles may be used, but a smaller pole thanbsoo ds.on
not recommended. For span-wire work 500-1b. poles may 'etl}lmsee iy
streets up to 30 feet in width, if a moderate amount of le in ]f -gles
wire is permissible. It is not recommended that for span-wiré w?(r p
of less than 700 lbs. should be used for high-class and durable {\.vor Ll

The above stresses—500 lbs. for bracket work and 700 lbs. or sllnla 1
work—should have a sufficient margin of strength to be used in all p l::ain
where the curvature is not greater than the equwaler}t for a 10-C Al
radius, or where the brackets do not exceed 16 feet in length, or

t g

the poles should be increased. But in the case of Spaght even be made

S i d mi
on the inside of the curve need not be mcreats:dﬁoiig up the weight of the

lighter than suggested, as they do nothing
tr%lley wire. Igfgooo or ooooytrolley wire is used, thel Poif)s v:}}:izl}llldit t::‘
increased to 700 and 1000 lbs. respectively. Any PO gst Sukbl fbe
intended to attach anchors or bridles should be somel\;l, aole fora,b v
Ibs. being about the minimum for an anchor and IOOO1 t.ri S
Poles upon which it is intended to use section insu aoc;m Al
made heavier; the larger diameter of pole gIVes morecrhor the trolley wire
wires if used. Some engineers made it a praciice e icinity of junctions
both ways from a section insulator. Poles 1in the vi ARGETIN T
should also be made heavier, 1000-b. poles bemgbt:efrzluently N
class of work, but 1500- and 2000-Ib. olesimiige somewhat lighter poles
If the stresses in a junction aré self-balancing, Jients are long

. e the gra X
oy b e, Lo co L Othﬁgl‘;nsii. is Xf\',tgﬁradvisable, and sometimes

and severe, or on the crown of 2 a0es tO )
necessary, to provide anchor -poles and an-ChO;ogslide downhill, which
caused b,y the tendency of the trolley Wllrle supports approaching the
tendency brings a very heavy stress upon the SUup \
summit. es should be excavated to a :e%t]e
Excavation.—The h f the hole must depend upo 13
of not less than 6 feet, an 0 If the soil is firm, a

i surface of the
?ﬁameter o pol:dar:rildt afford a good .suPPort ?tthtgepole T e
AR le larger than the diameter O R Al o
ground, a hf)le very llt:ctl e o made ground, it Wi g e
If the soil is loose an sa h’ Qiameter of the excavati ¥
very considerably increase the it may even be

.ome Cases
rea. In som
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necessary to take special precautions to this end, namely, digging a trench
6 or 7 feet long at right angles to the direction of stress, and placing a
piece of old rail 6 or 7 feet long at the back of the pole at the bottom,
and a similar piece in front of the pole at the top, and embedding the
whole in concrete. As a general rule three times the diameter of the butt
of the pole will be a sufficient diameter for the hole. Some support must
be provided at the foot of the pole to prevent its sinking into the ground
farther than was intended, and a flat stone or cast-iron base-plate may be
provided for this purpose. Another method is to prepare concrete discs
by running the concrete into moulds about 18 inches in diameter and
6 inches thick, and placing these, when they are thoroughly hardened, at
the bottom of the excavation; or 4 inches of concrete may be put into
the bottom of the excavation and a piece of 2-inch plank placed on top
of this. The method adopted will depend to some extent upon the locality
and the materials available.

The poles should then be placed in the holes and given the necessary
rake, and the whole of the excavation filled in with concrete thoroughly
rammed. Care should be taken to finish off the top of the concrete in
a slightly conical form and higher than the level of the street, where
it joins on to the protective sheathing of cement round the pole.

Concrete.—The quality of the concrete may to some extent be governed
by the character of the soil and the stress to be expected. If the earth
is firm and the stress not excessive a cheap form of concrete may be
ysed of eight or nine to one, and large stones may be employed, jammed
in between the pole and the earth. In fact, if sufficient care were used,
under these circumstances the pole could be set without any concrete
at all, but the difficulty of getting men to properly tamp in the soil
renders the use of concrete of some sort a necessity. If it is found neces-
sary to increase the diameter of the excavation to distribute the stress, it
tben becomes necessary to use concrete of the best quality, not less than
51X to one.

Rake of Poles.—The rake of the poles must be determined in view
of the stress they are to bear, and should be such that the stress will pull
them up apparently straight, and should not, except in special circum-
stances, be greater than the diameter of the pole at its base. If it becomes
necessary to increase this rake a heavier pole should be used, or the stress
distributed among several poles. The reason for this limitation is that
a pole, when it gets its trimmings on, does not appear to be bent if the
curvature does not exceed the greatest diameter. There may be excep-
tional circumstances where it is not possible to follow out this rule, but
they should be rare. It is preferable to give a pole too much rake rather
than too little, for a pole that leans away from the stress does not convey
an idea of weakness, while an inclination in the direction of stress gives it
an appearance of falling over. This is, of course, purely an optical effect,
but is one which is most severely criticized by the general public. Great
care should be taken to give all poles visible from any one point an equal
rake, and special attention should be given to poles that from their position
can be readily compared with perpendicular lines of buildings.
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It is sometimes necessary, where .several wires ar;at a;]t:agtl;cis.to ivff, eré

tc set it with a rake in the direction .Of the r]isu'tais Sastgat e

it is necessary to set a pole with the maximum rake 1ete DA

able to stay the pole in that position until the cc1>1ncrdalmpecj s

set. This can readily be done by the use of a co 'Srd Nty
4 or 5 feet from the ground, the collar being provide

os like a tripod. : ; Bhle iand
5 A special Iﬁavel for pole setting is prov1def1 with at hc;o:;tti)cual. A
a scale for measuring the inclinatlion of the pole from ;
very useful in obtaining even results. el £ N B
}{Vhen the poles are being tested for acceptanf:f? it r:: i:lavdl? it F\)vill
a curve showing the deflection of the pole for differe e
be found useful in determining the exact rake to giv AL
Erection of Poles and Fittings.—The pole-settmgbm W
done by means of a derrick attached to the tower wagon, kot
4 heer-legs, and occasionally by manual'labour, assl Ay
S s gl’n ths. The former method is preferable, an i
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The pole collars covering the joints should next be bedded in putty
and white-lead, the finial put into the top of the pole, and preferably
secured by a grub-screw. It is advisable that the top of the pole should
be covered while the concrete is setting, as it is not desirable to have any
quantity of moisture inside of the pole. The base of the pole should be
set concentric with the pole, bedded on cement mortar, and the annular
space between the pole and the top of the base filled with melted lead,

or a suitable metallic cement. This fixing of the pole bases is preferably
left until after all the stresses are on the poles.

If it is intended to use flexible bra

pension hangers and secondary insulation should be fitted to the bracket
arm at its time of erection. In this case it is better to make up the flexible
spans in standard lengths, with the insulators attached and hangers in
p]ac?, In a convenient workshop, as this work can be done there more
efficiently than in the street. If rigid bracket suspension is to be used
there is no particular advantage in putting up the hangers before the

trolle}.r wire is strung. In Sspan-wire work for straight-line insulators the
?gan Ilssgirst put up and the insulator sprung in by a special tool shown
g. 148).

cket construction the flexible sus-

If curve hangers are to be used
wire. A “come-along ” is then clam
span pulled up with a block and tac
plumbed for their Proper position, k
trolley wire will pull them some,w
When they have been brought to
Span wires are made fast to the Br
adjustment is afterwards made by
is then refidy for the trolley wire,

Erect.ton.of Trolley Wire.—The most convenient method of erecting
trolley wire is as follows:—

A reel of trolley wire,
more sections, is placed on
to the driver two men will

they should be attached to the span
ped to each end of the wire, and the
kle or a P.O. vice, and the insulators
eeping in mind that the stress of the
hat towards the inside of the curve.
the desired location the ends of the
ooklyn strain insulators, and any fine
means of these turnbuckles. The line

the reel wagon before described. In addition
be required to attend to the brakes on the
much traffic on the street a third man may
kes on the reel wagon. The trolley wire is
the tower wagon and made fast to one of
to start from the terminus of a route, other-
s placed at the point of starting. If there
are two rows of poles, the anchor is preferably of a V shape; if but a
single row, the trolley wire is fastened to the end of a bracket arm to
prevent its slipping away from the proper position, and the anchorage
run to the next pole. Where temporary anchorages are used it is usually
advisable to run a guy from the top of the anchor pole to the next pole,
?.nd to this it should be secured as low down as can be done without
interfering with the traffic,

The men required in connection with the tower wagon are: one

fpreman, one linesman and one helper on the platform, one driver, two
linesmen, and five or six lahourers,

be needed to attend the bra
then passed over the top of
the anchorages if it is desired
wise a temporary anchorage i
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The P.O. vices, block and tackle, “ come—a_101(11g ,ACI:l;rf:f?;’enil;/ef%
spanners, two ladders, &c., will be the tools requlref.tOUt S
7/14 steel cable will be required, and also a number of s

. 4 wire gauge. p
% I\’Il?h: reel \%agbon is now started slowly, and a mOdira;e ;Caf;;lgi‘n:‘eg;
on the trolley wire as it is paid out. The tO\\r'erd\Vax-..‘i)t BT
position 150 to 200 feet behind the reel wagon, and as e s ) i
under the bracket or span wire the trolley wire 1S ra;itli) AL L
the span with one of the S hooks above-menhon@d. tlo R L
of a mile, or at a greater or less distance accoidmg to s laced, ak A
porary anchorage is made. A “come=along clamp 1‘: aI;]ead St
trolley wire, and an anchorage run out to the next Ex?d o re,eling-OUt
trolley wire pulled up approximately Into posdtlon,l‘nesman ahead with
process then proceeds. It is advisable to send ainlts SRR
ladders, to prepare the anchorage]s atdthe [})rzl:]errei?;hiné gty (ER
and. ret?l Mo ngz(:t rzcc:tar?fho: ay'}?‘h.e troﬁey wire is then c.arried arovillm;
ity alwaysi)] with three or four mechanical ears, \_avhlch are pu ete
the curve, prefera y les drawing the trolley wire into its approxima
8 £ o be taken to leave slack enough in the trolley wire,
position. i A ; slack through as the soldering-in proceeds, but
as/it is easy €O A P(it the far side of the curve another.anchorage is
hard to work it bat.:k. d prevent the stress of a long section of trolley
put on, to pull against an Pr

; i the curve.
wire from coming on i i
The stringing out now proceeds in a sin DR e
syt t when a final anchorage is p | with, or an excep-
wire is run out, me special traffic difficulties to dea.l with, iy
Unless there are sO ves to anchor, a mile of trolley wire shqu : ereferable
tional BuCiLey O;CU;S If two trolley wires are to bf? BsEdiEs lglerin in
AW threeh ot;le inning and run out a second wire before ;31: in agday
tore% ba.Ck g einst%.nces 4 miles of trolley wire may BEa and its crew
Injfeshaly ma'rll}}r’ anchored up. This enables the rgeltwagﬁi‘;c up, above
and temporarl fﬁcienCy- In the rst p o y
reatest € } i hen the final
oy uge(ihet:owtitrl: ;ghould be fairly tlgl-]t:j a;‘s o;l;zr“::z, tvlvleetrolley wire
described, ch slack is carried forward, before
; comes, t00 UG, he traffic. The final pull-up A
pulling up interferes with the § ile if the line is
drops down and bl:tfione in lengths of as n;luch a;d%aigtl}:rp iy
soldering-in may it is impossible to pull arou ) e put on
moderately straight, but 1W re.The exact degree of tension to hel the
Tension on Trolley WIrc. he temperature at the time

tent on t ;
the wire will depend to @ groatics ble at different temperatures,

i llowa
: : he deflections ato sses result-
work is caf“edlor:lgt.thsrl;f span, are shown in Table D. The stre
and for various le

he
mined from Table C. If t
jons may be detc!mmt’: 1d have to
ing from thzsz b(iz?ftcetll)(rmrigid the deflections 1n ;Ir‘lallajlrea Clt)ic;vczge i
SUpPOts e the lower temperatures. : decrease
B ]argel)lll lﬂCl‘tiE;SGSCtlrefg;‘ caused by the shorte nmg{ (zlfl W[lJrOel’e(siue g)nalines with
¢he line allow ken up by the bending of the j d some-
5 temperatur:ilcteodzi?i;?tions Sxown in Table D might be decrease

many curves

milar manner until all the tr.ol’ley
t in position.
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lips of the

as to forcee:l:eal;sirt: esrl iy
heated with a solderin
the groove in the ear
the ear should then i)e
removed. It is of the gr
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Soldering-on Ears
: .—The trolley bei
sio . y being pull s
onri); tc;le hlext step'is to put on the cars aidp inedl up to the required ten-
Th one somewhat as follows:— suiators, and the sweating-
e exact position of the i
U-shaped cram the ear is marked on the troll i
in a vertical oxs)it('ﬁg. xg3) is then ?lamped to the trolle w(? . o4 he;?vy
b iz thep r?n above the wire. The cramp shc?l ldlre’ rcmnging
e stresspo Tl}c’m of .tfolley wire being heated for sl;)ld b.e Hicavy, enough
tinned, care b;ain tekpomon of wire to receive the ear hel‘lng B
e usedgba en not to have the soldering-i iy cion be wel
, but it should be thoroughly-weﬁ; “rcour; ,EOO,P]Ot' An acid
. he ear is now

placed in position, the cr i
K amp is given a half-ty
-turn and brought directl
b/

T2

3" 5%4'OVERALL-=memmememen
ey AR 11}/, —

E /";: 3 5
NN 4 I
' ) Jf 7 i
N [N
H "
[ AP |
[
| z )
} :UO, /g THROUGHOUY
| -
H S
1 1'%
H .

L]

Fig. 153.—Cra
o mp fi H 4
or holding Wires while Ears are being soldered on

nderneath the trol i
€y wire, and the ear held in position by gas pliers. The

olidly int}:) htill)r:mered down on to the trolley wire so
Ll groove. The wire and ear are then
Aivie aC.de solder run in so as to completely fill
P dl sh01.11d be washed off. The wings of
A own with a file and any surplus solder
Importance to get a perfectly smooth surface
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should stand vertically on top of the trolley wire. The insulating bolt is
now slipped through the hanger and screwed into the ear, and the cap of
the hanger screwed into place. The exposed portion of steel of the insulat-
ing bolt should be painted with P. & B. paint, in fact, sometimes the
whole insulating bolt is dipped in P. & B, and while wet slipped into the
hanger and screwed up. If mechanical ears are used the cramp is not
requ-xred, they being simply fastened into position and the insulating bolt
put in. They are very much easier and less expensive to erect, and do not
weaken the wire by annealing it at each ear, but with circular trolley wire
they cannot be arranged to run without sparking, and in time give trouble,
the copper crystallizing and breaking off by reason of vibration at the ends
of the ear.
: Section insulators are put in in much the same mannct, except that it
is necessary to use a wire-stretching device (fig. 151) in most cases, as the
length of the break does not give a sufficient amount of trolley wire to turn
up through the insulator and go under the clamp. It is usually necessary
to get 2 or 3 inches more trolley wire at these points. Some engineers
prefer to put the section insulators in before soldering-in the ordinary work
between, and the practice has much to recommend it where the line is fairly
straight. It is somewhat more expensive, owing to the extra amount of
shifting of the gang and tower wagon required.
The men necessary for soldering-in are a driver, foreman, two linesmen,
one man to attend the fire-devil and soldering-irons, and one or two
labourers, A melting-pot may be used in place of the soldering-irons, the
melted solder being poured over the wire or ear with a ladle until it has
heated it to the required degree. This method has points of advantage.
[t is easier to judge of the temperature of the solder, so there is less
danger of overheating the trolley wire, and the results tend to be neater.
A gang of men as above described should solder-in about a mile of
straight single track per day, and should put up about 3 miles of line with

mechanical ears.
Curves and junc
laying out a curve it is a

tions add greatly to the difficulty of the work. In
dvisable to finish the line on on€ side up to the

curve, and place the mechanical ears referred to in as nearly as pqssible

their correct position. The lengths of the pull-off wires are then adjusted,

and the curve pulled from the other end to the approximate tension. The
s having been thus determine

positions of the ear d, the curve should be
slacked off and the permanent ears sweated on, the insulators, hangers, and
nd the curve again pu

ll-offs put in place, @ lled up and adjusted to its
BRandaLE S t be exercised that the stress 0

final position. Care mus n any pull-off is not
L i bear without bending, and that the

for the trolley wheel to
fine ?.t the ends, so th
Con§1derable care shoul
putting on of the cram

t :
atrat‘;x(i (;?c.)" The lips should also be dressed down
el e);] whe.el may have an easy entrance.
: . i thm anc}lmg the trolley wire, both in the
R e dressing down, not to scratch the sur-
e comr(? the.: strength given by the drawing is largel
::nre. T ST topt(;]r:t“lzglr;/esh]allow scratch seriously \;eakens th}é
ances should i jpare et :
s be?nP.(rz. vice or a draw-tongsgbe put (g)irec?ld glr]ldt?: i Fa
g now finished, the cramp may be reni,oved :n‘()iwrt%e ear

greater than the insulating bolt can
ull-off wire does not make too sharp an a
which latter case there would not be clearance
the wire and some part of the hanger.
Where the pull-off wires from a curve
n line it is necessary to use an insulator
om the swaying of the line. T
ple for this than the ordinary type ©

ngle with the trolley wire, in
for the trolley wheel between

cross the trolley wire on the
that will prevent their coming
he insulator shown in fig. 121

mai
f straight-line or curve

in contact fr
is more suita



Fig. 154.—Car Barn La 3
yout. Location of
and Pull-offs, ioc!es

Fig. 155.—Double-track C
uble- rossing with V i
Location of Poles and Pfll-(;ﬂ's. e oo

1
P

Y
e

8

)
Fig. 156.—Simple Branch Junction.

Bracket Suspension.
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hanger, as it is much lighter. In laying up a Y curve the stresses can often
be made to balance each other. In some cases where a number of pull-offs
run to one pole it is better to run them into a bull-ring at a convenient
point, and from the bull-ring run a single heavy cable to the pole. Several
typical curves and junctions are shown (figs. 154, I55, and 156), with the
usual methods of pulling into position.

Frogs.—In setting frogs for the centre-running trolley it is necessary
to locate them with considerable exactness. The diagram, fig. 157, shows
the principle by which these frogs are made to work. The frog is set at D,
slightly out of centre as to the straight-through track in the direction of
the branch line. This gives a tendency for the trolley wheel to drag
against the side of the ffog and follow the straight line. The frog must

B~ \
e e
A [

Fig. 157

also be given a certain amount of
lead—that is, it must be placed
some distance in advance of the
points in the permanent way A B,
so as to bring it out of centre
in relation to the branch track

towards the outside of the curve,
or in the centre of the triangle ABC. The exact amount of the lead will

be determined by the radius of the curve, the height of the trolley wire
from the rail, height of car, and length of trolley arm, and also the super-
elevation of the outside rail of the curve. If both rails are perfectly level
the position of the frog would be approximately as shown; but the frog
should not be secured in place until it has been tried, and a portion of
the trolley wire on the branch line is often run through the frog and coiled
up so as to enable the lead to be reduced if desired. :
Frogs are usually provided with eyes for the attachment of guy wires
by which they can be pulled into their exact positions.  The super-
elevation of the rail is a feature that is often overlooked. In the setting
s a 1-inch superelevation, the line being

of a frog, where the outer rail ha :
21 feet in height and the gauge standard, the frog must be 4 or 5 inches

farther towards the inside of the curve.
Frogs that are to be set for the swivel-headed trolley are set very much

on the same principle, but more latitude as to the exact position is allow-
able. There is no necessity for any lead on the straight-through track,
put if it is intended to work with a fixed frog a much stronger lead will be

required for the branch line.
If a mechanically-worke

d frog is used the trolley wheel will take it in
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almost any position in which it can b
strai : g e reached; but it i :
ush ?t til;et}f:?eof:)v::g capabilities of the swivelling troltlel; It]c? ttﬁgi‘;lsjtb R
T th;vnse_ to folloxY the general rule as far as circumstmOSt’
C0nSiderab1;- e principle will apply even though the frog is s tan:es
A m;;;/a(); from the centre line of the track. ¥ T
ORI of attaching the frog to the trolley wire (f
ERIathas) by passs tﬁ’ 1;1 zlll 51m11.ar manner to the attachmentyo\f‘lre ( g:
ik cﬁveseb rolley wire .under a suitably-designed cl an ear;
wheel does ;lot bend the T::'r;iglei'ovsszgo?/ed tha}f iR suie of t;:lg‘;rll;;
to break off. Th , e OVer a sharp angle :
S pz :;;:;):dmtype is Fixstxngtly preferablf, asa?tdisthr;lf)rgause_llt
B Oo§'e easily adjusted after erection Thi ]eail.y
AL th’e po,le:w'ng to the stretching of wires or. sli hl: r:ls 1
the frog after the line h e may be necessary to adjust th ST e
ne has been in operation for some tirie oo on

It is always nece
S ssary to run the f;
as, owing to their - rogs and crossin i i
run at speed, tende;trtai]wenght, they form r igid Spotsg?nwtl}t)h ?9me Fari
R A row the. trolley wheel downwards afld’n;e, which, if
well as a flange can be rvggfk“:jhmh SHidathe trolley wheel by ;‘Z‘;;{etzz
to t(lée flanges alone. €d at much higher speed than those that trust
rossings.—These
are attached to the trolley wires in a similar manner

In laying out the pull-offs around the

the case of centr i Bl lo crossi !

2 ssing may then b i

crossing may be C;slizn?cintgh trolley, and in the casi of t}1,1e swr;veletg;ltemt}lxz
. € exact angle; or it may be possible, by a s};ight

g the trolley wires to one of the standard

Feeding-in wir .
made up gf n :tsr:rr)(:i? t?e switch-boxes to the trolley wire are usually
are preferably insulated Ol copper, to be as flexible as possible. They
armoured, or, with ad with rubber, and may be lead-covered, wire-
have a sectional ares evauntlage, sheathed in silicate rubber. They ’should
abs?}utely eantial qual to the trolley wires they feed, but this is not
here are

from the pole :gvtehrzltzlelthOds, employed in running the feeding-in wires
same length as the distey RS roms easea ) shal crossatin of Ehic
Insulator is attached to thance B felithey Didingpests jon'iiie fecction
The wires are then run te Pole, and provided with insulators at each end.
s R e straight from these insulators to the binding-posts

section insulators, and if the trolley is not far distant
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from the pole no intermediate supports are necessary, and the appearance
is neat. Another method (fig. 158), which is perhaps more generally used,
is to bring the feeding-in wires through the pole at a slightly higher level

than the bracket or span wire, and bind them closely in to the pole and the
on insulator is reached,

bracket arm or span wire, until the feed-ear or secti

when the wires branch out to their respective terminals. The feeding-in
wires should always be provided with a bushing where they enter and leave
the pole, and the ends should be carefully sealed to prevent moisture from
getting into the cable. The arrangements for switches and feeding-in wires
will depend largely on the method adopted for dividing the trolley wire
into sections. The ideal arrangement of these sections is to have each fed
normally from one point, but capable of being fed from two or more points,
which, if possible, should be connected to different feeders.

P rians RING
INSVLAT ION

TBRE AING

R
NN
S
n
INSULATION
F1aRE RING FIBRE RING
[ INSULATION
o "
Y i

_‘_fﬂiuLII’ON___.

T

.=.. L, JWJL,’

—
Fig. 158

&c.—In car barns and under bridges where there

the head-room is small, it is usual to erect an
11 or 12 inches in width and 3 or 4 inches
oof or bridge girders, and to it

Car Barns, Bridges,
is a metallic structure or

inverted wooden troughing,

is secured to the r

: h. This troughing
in di};ﬁted bridge hangers (fig: 112) at intervals of 10 or 12 feet. In the
o s wholly unnecessary, and is probably a survival

hen uninsulated trolley poles were in use. It is
as it is very easy to place the

t the wire but not on it. In
arn, when the trolley flies
ally complex at

car barn this troughing i

of the earlier practice, W
a source of danger rather than of safety,

hing, and agains

trolley wheel on the troughing, &
v:lciichycase the car runs along until clear of the b rn, |
nd gets entangled with the overhead work, which is usu
:l}?eacar Eheds A better method is to put a span wire across the sheds at

: i ight-li . The span wire
s d put in an ordinary straight 11_ne hanger.
eﬁc}]]gn}?:sz’yzg tc? uthe truss-rod of the principal about every 20 of 30
15—' :tu This gives a flexible and easy-running arrangement which is much
eet.

i way than the troughing. AL ;
leSSImt;};:ecaseyof bridges passing over the line it is somewhat different,
2 head-room is often much restricted and it is necessary to run the
L de of the bridge. Some

trolley wire 83 close as possible to the under si

_____.—_
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device is necessary to prevent the trolley wheel from pressing the wire up
against the bridge and causing a short circuit. The usual method of bolting
the bridge hangers directly to the troughing is not wholly satisfactory;
owing to the expansion of the wire between the rigid points of support’
it puts a good deal of slack into the short spans generally used.

I.f the hangers are given a slight amount of play longitudinally, the
tension on the trolley wire will be even throughout its length an?i,’ this
buckling will be avoided. Details of this arrangement are shown’ (fig. 159)
designed to take up the minimum amount of head-room. It \%i]lsgbe’
not.iced that the arrangement shown gives a treble insulation' at this point
Th1§ is not essential from the tramway standpoint, but the e]ecfl)trical.
advisers of the railway companies, whose approval is generally necessary
for .the att.achment of wires to a bridge, are usually somewhat };xactin "
their requirements with regard to insulation, for fear of interference \%123
the railway signals. The designs shown should meet all reasonable require-
ments, Where the swivel-headed trolley is used it is advisable to place the
,t:ollsl?r’n g;l;?b?t }east 3 feet outside the edge of the car, as in this position

ible for passen
e head-mompare th%zrzezr:lrtehde? roof to touch them, and several extra
fash‘;?;tdhz:oi?m c})lf brldge which sometimes causes difficulty is the old-
T : arch carrying t.:he road over a canal or small stream. These
andg s fltrcf requently made: with a very high crown and sharp approaches,
i ’ ::ril 1s1 usuzclllly 1mpossxple to place a pole on the crown of the bridge,
dea}llt Wi&ui y rel: uce the height of the trolley above the car. They can be
Y Closy P a}(;mg four poles, from 2 to 3 feet longer than the standard
Bl ’from the as they can be set to the crown of the arch. Pull-offs can be
b S e :h::ofr Cl’lf the‘se poles to the trolley wire at the centre of the
Gu’ it olley lifted up to practically the standard height.

ar ires.—Whenever the trolley wire is in roximity to tele-
phone or telegraph wires, the Briti h B 4 g sty
I s ) itis oa-rd of Trade, and the Governments
S opean countries, require that devices shall be used to
s Wirea ’ern telephone or .t_elegraph wire coming in contact with a
Whenzver té] o guote the Brltl_sh Board of Trade regulations: “If and
7 insulati:grap ; {elephone, or other wires, unprotected with a perma-
M et gthcovermg, cross above, or are liable to fall upon, or to be
S b’ e overhead copductors of the tramways, efficient guard

Ist shall be erected and maintained at all such places ”.

i :::3 fO;‘II"lI(":rlﬁ the pract.ice to insulate these guard wires carefully, but
5 carefulcl) g rade regulat10n§ now provide for these guard wires being
i 1};1 i yf onded to the rails through their supports at each end and
i rvals; of not more than five spans. It is therefore only necessary
2 ure the guard wire proper to the span wire by the small clips shown
(fig. 160), or to the standards provided on the bracket arms (figs. 161
and 103).

- The theory is that the falling wire will first come in contact with the
earthed guard wire, and then, if, from any coiling action or from being
caught by a passing vehicle, it should come in contact with the trolley wire,
an absolute short circuit will be formed which will open the circuit-breakers
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176 ELECTRIC TRAMWAYS

in the generating station and cut the current off the trolley wire. Seven-
stranded steel cable of 16 gauge is more satisfactory for the purpose of
guard wires than the equivalent single wire of No. 8 S.W.G.

Where guard wires are used, their additional weight and consequent
stress must be taken into consideration in determining the size and location
of poles. Where wires cross curves or junctions it is practically impossible
to erect efficient protective
devices, and arrangement
should be made with the
owners of these wires to de-
flect them at such points.

The attitude of the
authorities towards tram-
ways on the guard-wire
question is somewhat un-
fair. They compel the
tramway to afford protec-

Fig. x60.—Guard-wire Clips tion against defective work-

manship or maintenance

on the part of the owners of the telephone or other telegraph wires, not
only in regard to wires in position before the tramways were built, but
any additional wires that may be erected. Guard wires are very unsightly,
a considerable expense, and a source of danger to the tramway, as, in event
of the trolley leaving the wire, it is very liable to get caught in the guard
wires and pull them down. The actual amount of protection afforded is
in most instances very slight. This refers
particularly to long spans, and spans cross-
ing the trolley lines at a sharp angle. Co-
operation between the respective owners

2 )4\ o _~~ of the wires would enable a much more
R B s —?0 efficient protection to be given, with mgch
b g less disfigurement. But this co-operation

is difficult to arrive at, as the owners of
the wires usually adopt an impossible
attitude, saying, in effect: The Board of
Trade regulations throw the whole responsibility on you; why should we
trouble ourselves in the matter?

Full details as to the statutory requirements of the British Board of
Trade and British Post Office will be obtained from the Regulations and
Explanatory Memoranda issued by these authorities. Care should be
taken to have the latest issued regulations, as those of an earlier date are
generally superseded by newer publications.

Fig. 161.—Guard-wire Standard




